Background: Mobile bottom fishing, such as trawling and dredging, is the most widespread direct human impact on marine benthic systems. Knowledge of the impacts of different gear types on different habitats, the species most sensitive to impacts and the potential for habitats to recover are often needed to inform implementation of an ecosystem approach to fisheries and strategies for biodiversity conservation. This knowledge helps to identify management options that maximise fisheries yield whilst minimising negative impacts on benthic systems. Methods/design: The methods are designed to identify and collate evidence from experimental studies (e.g. before/after, control/impact) and comparative studies (spanning a gradient of fishing intensity) to identify changes in state (numbers, biomass, diversity etc.) of benthic biota (flora and fauna), resulting from a variety of mobile bottom fishing scenarios. The primary research question that the outputs will be used to address is: "to what extent does a given intensity of bottom fishing affect the abundance and/or diversity of benthic biota?" Due to the variety of gear and habitat types studied, the primary question will be closely linked with secondary questions. These include: "how does the effect of bottom fishing on various benthic biota metrics (species, faunal type, trait, taxon etc.) vary with (1) gear type and (2) habitat, and (3) gear type-habitat interactions?" and (4) "how might properties of the community and environment affect the resilience (and recovery potential) of a community to bottom fishing?"
Background
For the purposes of this protocol, "bottom fishing" will be the term used to describe any fishing method that physically disturbs the seafloor. Bottom fishing will include trawling, dredging, raking and suction fishing methods, but does not include static passive methods such as lobster or crab pots, fyke nets or static nets.
The ecosystem approach to fisheries requires that managers take account of the ecosystem effects of fishing and manage to ensure these effects are sustainable [1, 2] . Bottom fishing causes high levels of abrasive physical disturbance and is one of the most extensive human activities impacting the seafloor and associated biota [3] . Consequently, managers need an evidence base to assess the effects of bottom fishing and to underpin advice on the sustainability of alternate fishing methods and management options [1, 2] .
The relative impact of towed bottom fishing gear on the benthic system has been a long-running and widespread topic of debate within the scientific and broader community. A number of published papers explore local or regional impacts of trawling on benthic biota [4] [5] [6] , as well as several previous reviews of the impacts of bottom fishing [3, [7] [8] [9] [10] [11] [12] [13] . Other research consortia have also focused on the issue of bottom fishing impacts over the last 25 years. For example, the International Council for the Exploration of the Sea (ICES) has reviewed the impacts of trawling in the Working Group on Ecosystem Effects of Fishing Activities (WGECO); alongside the Working Group on Fishing Technology and Fish Behaviour (WGFTFB) which led to proposals for ways to reduce seabed impact through changes in gear design and methods of deployment [14] [15] [16] [17] [18] .
The aim of this systematic review is to assemble a comprehensive database on the impacts of bottom fishing on benthic biota from published literature. The objectives of the review are: to capture literature published since a previous review [3] using a robust, reliable and repeatable method (i.e. a systematic review), to collate an up-to-date open access database on mobile bottom fishing impact studies on shelf seas that also includes non-experimental studies on fishing impacts at the scale of the fishery (comparative studies -see below).
There are two main classes of bottom fishing impact study described in the scientific literature: experimental and comparative [19] .
Experimental studies measure abiotic/biotic characteristics of the study site before and/or after one or a series of controlled bottom fishing events, sometimes alongside a control site [19] . Data collected during experimental studies are useful to determine the direct impact of a known level of disturbance [10, 20] . However, a primary drawback of experimental studies is that the experimental study area is generally not representative of the spatio-temporal scale of the fishery [21] [22] [23] [24] . Habitats and communities that are exposed to bottom fishing disruption over a larger spatial scale and longer time frame, such as those in commercial bottom fishing grounds, may have recovery trajectories that differ from those habitats and communities exposed to a one-off disturbance event over a smaller area, such as occurs after experimental trawling [21, 24, 25] . Further, few studies assess the effects of repeated commercial fishing impacts over several months or a year [26] [27] [28] . Comparative studies use data collected from sites subject to different intensities of bottom fishing disturbance and, in some cases unfished control sites, to assess the effects of trawling [19] . Here, the state of the seabed community indicates the impact of real bottom fishing events. It can be difficult to quantify reliably the intensity of bottom fishing effort at a given sampling site because the impact of fishing effort can rarely be measured at the fine resolution of sampling. Consequently, a mis-match in scales between sample collection and the area assigned a given fishing intensity may reflect local heterogeneity of fishing effort which may bias results [29] .
Existing research suggests that the impact of bottom fishing depends on:
The gear-type used (design, rigging, deployment, see [30] ) The habitat being fished The intensity of fishing in any given area [12] The species or community at the fishing site [3] The level of natural disturbance that occurs at the site Results of experiments may describe a general impact scenario, where a given gear reduces the abundance of benthic biota [3, 13] , or more complex scenarios that account for variation in natural disturbance levels, differing gear types and changes in the intensity of impact [13] . Interactions between trawling intensity, habitat type, natural disturbance levels [13] , gear type and the biological species present at the sampling site, may result in small scale local, site and gear specific relationships with impact that are not necessarily stable in time and space. For example, a previous meta-analysis of multiple studies showed that deposit and suspension feeders were most at risk from scallop dredging, whilst their susceptibility to other gear types depended on habitat type [3] .
Aim and objectives of the review
The aim of this systematic review is to assemble a comprehensive up-to-date database on the impacts of bottom fishing on benthic biota on shelf seas, from published literature. The information collated in this database will subsequently be used to answer primary and secondary questions.
Primary question
To what extent does bottom fishing affect the numerical abundance, biomass and diversity of benthic biota?
To further clarify the components of the primary question and to specify factors relevant to the inclusion/ exclusion criteria, the primary question was sub-divided (Table 1) . To assess whether our questions were relevant to fisheries stakeholders as well as scientists and fishery managers, we consulted with a group of stakeholders to identify their relevance in relation to their priority questions about fishing impacts (see [32] for more details on the stakeholder consultation process, alongside (Additional file 1)).
Secondary questions

Methods
Search strategy
Searches will be carried out to ensure we access data in both grey literature and peer-review journals to minimise the possibility of publication, and related, biases. The bibliography of any articles selected for the final review will also be searched, for any literature missed in the initial searching processes. If missing articles are identified these will be screened with the same inclusion/exclusion criteria applied to the original sources and may be added to the final review bibliography if found relevant. At the searching and screening stage, the experimental and comparative studies will be treated the same way, but identified for easy separation in subsequent analyses. Experimental and comparative studies usually differ in their methodology and aims and it is likely they will need to be treated differently at the analysis stage. Since the searching process will be limited by time and financial resources this will be taken into account when scoping the search and to achieve a balance between sensitivity and specificity of the search. Scoping the search is a term used to describe the process of determining the most appropriate search term, optimising specificity and sensitivity. Specificity is the ability of a search to identify only relevant articles whilst sensitivity is the ability of a search term to find all relevant articles. (Additional file 2) provides more details on scoping the search.
Search terms
Some websites will allow complex search queries to be written as one search string that are joined by Boolean operators such as "AND/OR/NOT", as well as using the functionality of "wildcards" which are characters that can be substituted for all possible characters, within a defined subset. Other search engines will not have this function (see below). When there are options to search in a particular location (i.e. where in a document to search), the preference will always be the title, keywords and abstract (in Web of Science this would be the 'topic' search section, in others this may be the 'subject' search section), where there is no option to choose, the default will be accepted. Where complex search strings are permissible, search terms will be based on the following phrases (where * denotes a wild card to search for alternate endings or beginnings and $ denotes a substitution or nothing): Where it is not possible to search using the complex string above, the simple phrase below will be used in a structure appropriate for the particular website/database in question:
(*trawl* OR *dredge*) AND (effect* OR impact*) The input may have to be done by hand where wildcards and Boolean operators are not allowed. Whilst the latter examples are not as explicit as the primary search query, there is a need for a pragmatic approach considering the high number of specialist search engines being targeted by the review.
Databases
Databases and websites often bias the results they show because algorithms include aspects of past search queries and website tracking cookies. Therefore search results can differ among individuals and geographic regions. There are search engines that provide neutral searches. However, these would not capture the full range of literature sources sought in the systematic review. To avoid bias in search Any primary study that provides raw data measures of numerical abundance, biomass or diversity of benthic biota. The methods of the primary study should be either a 'before and after' or 'control and impact' study (or both i.e. BACI), or based on comparisons of at least two different levels of bottom fishing exposure or comparisons between areas exposed to bottom fishing and control areas.
results while attempting to capture all sources of published and grey literature, all browsing history and cookies will be disabled before every individual search (for example using google.com you have to "disable customizations based on web history"), and no accounts will accessed during the search (for example logging into a g-mail account may bias search hits based on profile preferences). For repeatability purposes a record of the search history will be maintained and all searching will be done from a university desktop computer in the School of Ocean Sciences at Bangor University, Wales, UK. Further search information and logistics are available upon request. The following computerised databases will be searched and all the hits will be taken into consideration for inclusion/exclusion: Where the search engine uses a probabilistic algorithm for displaying search hits (which means that items are ranked in priority order of similarity), the first 50 hits will be taken into consideration for inclusion/exclusion. When this is not the case and other bibliometric methods are employed such as popularity impact or date, the first 100 hits will be taken into consideration for inclusion/exclusion. The following computerised websites will be searched 24) Google -www.google.com 25) Google Scholar -www.scholar.google.com 26) Scirus -http://www.scirus.com (all journal sources)
Specialist sources
Websites of relevant specialist organisations, listed below, will also be searched. Bibliographies of included material will be searched for relevant references. Link pages of websites will be followed to look for relevant organisations that may have been missed by these searches. Authors of relevant articles will also be contacted for further recommendations, and for provision of any unpublished material or missing data. The first 50 hits (Word and/or PDF documents) from each search will be checked for relevant pages or documents containing data. All references retrieved from the computerised databases will be exported into a bibliographic software package (Endnote) prior to assessment of relevance using inclusion criteria.
27) Alaska
Bibliographies
Bibliographies of all articles accepted for full text viewing will be hand searched to identify any additional evidence. Web based bibliographies identified during the web searching phase will also be checked for additional references. Subject experts and practitioners will be contacted for additional references and authors of included studies may be requested to provide any unpublished material or missing data that may be relevant to the review. Special symposia concerning the effects of bottom fishing on benthic biota will be examined as well as current bibliographies on the effects of trawling on benthic biota known to the authors. Figure 1 summarises the process of searching and screening articles for relevance. Articles identified by the searches will be examined and will be selected initially based upon title and abstract relevance and subsequently on methodological integrity. An Endnote database will be used to organise all the articles, and to ensure duplicates are removed. The selection criteria for relevant articles will attempt to systematically remove articles that do not provide relevant data. The development of the inclusion/exclusion criteria is an iterative process, the outcome of which influences the conclusions of the review, and therefore must be objective [33, 34] . When an article is border-line, or when there is insufficient information to exclude an article, it will be included for consideration in the next round. All articles will be recorded with justification for inclusion/exclusion.
Study collection
To estimate the effects of between-reviewer variance in assessing relevance, two reviewers will apply the inclusion criteria to a sample of 10% of articles, or 250 articles, (whichever is greater) at the start of the abstract filtering stage. The kappa statistic [35] will be calculated, which measures the level of agreement between reviewers. The kappa statistic must be at or above 0.6 (≥0.6, [34, 36] ), if it falls below this level the same reviewers will discuss the discrepancies and clarify the interpretation of the inclusion criteria. This may entail a modification of the criteria specification. After this discussion, one reviewer will apply the inclusion criteria to the rest of the citations.
Study inclusion/exclusion criteria
There are three steps to the inclusion/exclusion process, at each step the key requirements will become more specific as more information becomes available. At the primary stage, the following criteria must be met for an article to pass to the next stage: Relevant subjects(s): Marine benthic biota (flora and fauna) Types of exposure: Experimental or comparative bottom fishing activities Types of comparator: No exposure or less exposure to bottom fishing gear Types of outcome: Measurable effect (i.e. change and no change are both effects, so non-significant results will be included) in a component of benthic biota (species, taxon, trophic group etc.) Types of Study: Before/after, control/impact study, or estimates of the response of benthic biota metrics from two or more areas of the seabed subjected to different intensities of fishing disturbance When there is insufficient information to exclude an article (for example the title contains limited information), the article will pass to the next stage of the process. The exclusion criteria at this stage are slightly more straightforward. If there is no measure of the effect of bottom fishing on biological units of benthic flora or fauna, the study will not be included, but nonsignificant effects will be included. The exclusion criterion specifies that studies of the effects of deep sea or pelagic fishing will be excluded, as the focus of this review is the shelf areas. For those studies retained for inclusion based on their titles, the abstracts will be read. If there is no abstract, the article will immediately pass to the full text stage. If the study meets the inclusion criteria and does not contain any of the exclusion criteria at this point, the study will pass through to be read at the full text level. Exclusion criteria for the full text level of analysis will include studies for which: the predictor or response is not quantifiable, the bottom fishing intensity is not quantitative (except for comparative studies where estimates of relative intensity may be acceptable), the sample size is too small (i.e. if only 1 sample (e.g. Day grab/box core/trawl haul) is taken from areas with different intensities of bottom fishing), the methodologies are not robust enough or autocorrelation is an issue and no data have been presented in the results. The full exclusion criteria will likely develop throughout the systematic review process and details will be updated in the final systematic review paper and supporting materials.
Study quality assessment
Assessment of quality among the studies selected for this systematic review can be subjective. Variations in interpretation are therefore quantified as the 'risk of bias' in the estimates of change in state (abundance, diversity etc. which will be calculated as the effect size, or Hedges d') as a result of bottom fishing. High quality studies are defined as "statistically powerful and ecologically sound in their methods of data collection, analysis and interpretation" and are therefore are less at risk from bias than their lower quality counterparts.
At the meta-analysis stage each study will have an effect size that describes the magnitude and direction of the outcome using the Hedges' d statistic. Hedges' d is a standardised mean difference (thus suitable for combining studies using different scales) between treatment and control groups. Hedges' d reflects the difference between the distributions in two groups [35] , and describes a comparison of estimates of means where Y 1 and Y 2 are means, with respective sample sizes n 1 and n 2 and standard deviations S 1 and S 2 :
q ⋅J J is a correction for small sample size meaning it works well with as few as five studies, J is given by:
The variance for Hedges' d is:
Potential effect modifiers and reasons for heterogeneity
Unknown in situ variation in natural disturbance may have a positive or negative bias on the effect size Different gear types vary in their intensity and mechanism of impact on the marine benthos The historical footprint of bottom fishing effort is likely to be spatially heterogeneous and in some areas unquantified Spatial heterogeneity in data abundance and quality is expected, giving higher precision estimates of bottom fishing effects in some areas and lower precision in others Pseudo replication is often present in trawl impact studies, decreasing the precision of the result and increasing unknown bias Sample size (and therefore the precision of the effect size) is expected to vary between studies Publication bias will exist, where there is a tendency for significant rather than non-significant results to be published. Therefore a positive bias (greater impact) may be present in the results Studies may sample sites that are not representative of areas impacted by fishing. Here the bias may increase or decrease the impact of fishing for the areas Natural benthic productivity and recoverability potential may depend on environmental factors such as oceanographic features (e.g. fronts), pipelines, wrecks, natural reefs and mounds, nutrient cycling and natural disturbance. If these factors have an effect and it is not quantified, a positive or negative bias may exist Direct and diffuse effects of long-term trawling disturbance may result in large-scale alterations in benthic habitats. Consequently, the state of control sites will not provide an adequate baseline and comparisons with the controls will introduce a negative bias (imply lower impact)
Data extraction strategy
Studies accepted at full text will be classified into either experimental or comparative. In both cases, data will be recorded in a database, building on a database developed previously [3] . All articles excluded from the review will be recorded in a spreadsheet with justification for their removal. The spreadsheet will be made publically available. See (Additional file 3) for more details.
Descriptor data that will be extracted include:
Study Type (comparative or experimental) Treatment (gear used or activity e.g. bait digging/ electric pulse) Disturbance description (including the number of discrete disturbance treatments (in time), the intensity of each disturbance treatment (at each time), the area of the disturbance (m 2 ) including the minimum and maximum scales of disturbance events) Sampling gear used to quantify the impact (e.g. video survey or day grab) Geographic location of the study (latitude and longitude) Physical and biological information including fauna analysed and abiotic variables recorded (e.g. depth, sediment type) Data quality -includes the number of replicate sites or replicate plots including the area or volume of sediment sampled, and the number of samples collected within each replicate area.
Study data that will be extracted include:
Response type -the response type (fauna, physical etc.) Taxonomy -Phylum, class, order Response metric -the type of raw data, abundance, count, biomass etc. Time interval between treatment and sampling (measured in whole days) Units of change -raw units as reported on in the study as well as standardized units to m 2 per specified disturbance level Background disturbance levels (ideally quantified by annual trawl events if known, otherwise categorised to high medium and low if possible) of treatment and control sites Control data -including the results (and variance thereof ) from the study, the number of samples taken and volume of material sampled Treatment data -the results from study and variance, number of samples taken from each site/ plot and volume of material sampled Measures of the means and standard deviations (or variance) of the experimental or comparative studies.
Data synthesis
Previous reviews [3, 13] have demonstrated that sufficient data are available for meta-analysis, but that investigations of heterogeneity (reasons for differences in the effects of fishing e.g. habitat/gear/natural disturbance) are limited by data availability. Our synthesis will therefore consist of meta-analytical methods to address the primary question with meta-regression and subgroup analyses used to investigate reasons for heterogeneity between studies (see [37] for more details on methodologies), or possibly using a mixed model with 'study' as a random effect.
Studies will first be classified by variables that affect the degree of bottom fishing impact (see section 3.3 "descriptor data"). Response for specific taxa will be treated as independent observations so as to investigate the effects of the potential explanatory variables on the response of the population, regardless of taxa [3] . The response will be measured by using Hedges d' as the effect size statistic.
Additional files
Additional file 1: Defining the Research Question. This additional file defines the research question using the stakeholder consultation exercise that prioritises the most pertinent issues pertaining to the use and effects of mobile fishing gears.
Additional file 2: Scoping the search. This additional file describes the process of scoping the search using the PICO structure. The search map is presented that leads to the definition of the final search string used. The hits from this search string (obtained from Web of Science) are then used to assess the relevance of the search string to the hits we would expect to obtain.
